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SUMMARY 

A n  investigation w a s  made of the f i rs t -s tage turbine of a 
Mark 25 torpedo power plant t o  determine the performance of' the 
uni t  with two nozzle corxfigurationa and a special  ro tor  having 
0.45-inch blades instead of the standard length of 0,40 inch. 
Both nozzles had smaller passages than the nozzles of similar 
shape tha t  were previously investigated. The performance of the 
nozzl-e-blade combinations is evaluated in  t e r m  of brake, rotor,  
and blade efficiency as functions of blade-jet speed r a t i o  f o r  
three pressure r a t io s .  

Over the range of speeds and pressure r a t io s  investigated, 
the efficiency with the nozzle having rectangular passages (J)  was 
higher than tha t  with a nozzle having c i rcu lar  passages ( K ) .  The 
difference i n  blade efficiencies varied f rm less  than 0,010 at the 
lower blade-jet speed r a t ios  f o r  the three pressure ra t fos  investi-  
gated t o  0.030 a t  a pressure r a t i o  of 8 and a blade-jet speed r a t i o  
of 0.295. The eff ic iencies  with these two nozzles were generally 
lower than those obtained with nozzles previously reported In 
cambination with the 0.45-inch bladee. 

A t  the request of the Bureau of Ordnance, Department of the 
Ravy, the NACA Lewis laboratory is conductirlg an investigation of 
the gas turbine from a Mark 25 a e r i a l  torpedo with a view towards 
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possible application of similar high-pressure turbines t o  rocket- 
motor accessory dr ive.  The research program consista of the 
determination of the effects  of (1 )  nozzle design, (2) clearance, 
and (3) blade design on over-all performance. Reference 1 presents 
the efficiency of the two-stage turbine with various nozzles. The 
ef fec t  of nozzle-rotor ax ia l  clearance on the performance of the 
two-stage turbine is reported i n  reference 2 .  The ef fec t  of blade 
length, blade i n l e t  angle, and shroud condition waa investigated 
with the turbine modified t o  operate aa a single-stage uni t  ( re f -  
erence 3 ) .  An evaluation of the re la t ive  output of each of the 
counterrotating stages is presented i n  reference 4. 

A continuation of the single-stage-turbine studies with two 
additional nozzles, a rb i t r a r i ly  designated J and K, is preoented 
herein. Both nozzles had smaller passage cross-sectional weas  
than those of s i m i l a r  design tha t  were previously investigated 
(reference 1 )  . The rotor  has spec ia l  blades 0.45 inch long as 
compared with the standard blade length of 0.40 inch. Hence, the 
r a t i o  of blade area t o  nozzle area w a s  increased from tha t  of the 
preceding investigations. 

Both nozzles were investigated at pressure ra t ios  of 8, 15, and 
20, and over a speed range from approximately 6000 t o  18,000 rpm. 
I n l e t  conditions were maintained at 1000~ F and 95 pounds per square 
inch gage. Measured turbine output was corrected f o r  mechanical 
losses and disk a;nd blade windage t o  determine the rotor  md blade 
eff ic iencies  by the methml given i n  reference 4. 

APPARXKJS AND METKODG 

Nozzles. - Nozzle J ( f i g .  1) haa nine rectangular ports 
fabricated by a refined casting technique tha t  permits small dimen- 
s ional  tolerances. This nozzle has smaller passages than nozzle H 
(reference 1 )  but the design and fabricat ion are  s imilar .  The 
throat  dimensions are approximately 0.215 by 0.099 inch, and the 
cross-sectional dimensions at the out let  plane are approximately 
0.203 by 0.116 inch. The geometric nozzle expansion r a t i o  is 
theref ore approximately 1.11. The nine ports have sharp-edged 
in l e t s  and are  equally spaced t o  subtend an arc  of gas admission 
of approximately 90'. These passages have an intange~cy angle of 

and an i n l e t  angle t o  the turbine rotor  of 12' measured with 
a plane normal t o  the axis of rotat ion.  



Nozzle K ( f ig .  2)  ha9 eight ports fabricated by d r i l l i n g  and 
reaming. The c i rcu lar  passages have a throat  diameter of 0.156 inch 
and an outlet-plane diameter of 0.168 inch, making the measured 
expansion r a t i o  approximately 1.16. The passages were equally 
spaced over a section of the ro to r  periphery t o  a l so  form an arc af 
gas admission of approximately 90'. The angle of intmgency is 6O 
and the in le t -a i r  angle t o  the turbine ro to r  is l Z O .  

Characteristics of nozzles J and K and the  nozzles previously 
investigated (references 1 and 3)  a re  presented i n  the folluwing 
table  : 

Apparatus. - The standard Mark 25 aerial-torpedo power plant 
is a two-stage cour.terrotating impulse turbine. FOP t h i s  investi-  
gation, the bit w a s  modif i e d t o  operate as a single-stage turbine 
by the proceduse outlined i n  reference 4. A schematic drawing of 
the nozzle and the turbine-wheel assembly is shown i n  f igure  3. A 
special  0.45-inch blade described i n  reference 3 was used i n  t h i s  
investigation. The in l e t - a i r  angle and the out le t  angle a re  the 
same as those of the standard f i rs t -s tage rotor .  The r a t i o  of blade- 
passage area t o  nozzle-throat area with the 0.45-inch blades was  
approximately 1.13 times as great as t h a t  of the standard blades. 

The apparatus and the instrumentation are the same as those 
described i n  reference 1. The precision of the observed measurements 
is estimated t o  be within the following limits: 

. . . . . . . . . . . . . . . . . . . . .  A i r  flow, percent. * 1.50 . . . . . . . . . . . . . . . . . . . .  Torque, foot-pounds. f0.15 
Dynamometer speed, rprn . . . . . . . . . . . . . . . . . . .  f 5  

. . . * . * .  . . . . . . . .  Inlet-gas pressure, percent. .. f0.50 . . . . . . . . . . . . . . .  I n l e t  -gas temperature, percent f 0.25 . . . . . . . . . . . . . . . . . .  Pressure, inches mercury f0.05 



Procedure. - 'fhe modified single-stage turbine w m  operatea w3th 
constant inlet-* condition8 of 1 0 0 0 ~  F and 95 pounds per square fncb 
gage. Runa were made f o r  both nozzles at pressure rat ios of 8, 15 
(design), and 20. The turbine speed f o r  each run wae varied f roan 
approximately 6000 t o  the design speed of 18,000 rpn. Nozzle J was 
run with a nozzle-rotor clearance of 0.050 inch. Because of inherent 
d i f f icul t ies  i n  setup, however, nozzle K was necessarily operated 
a t  a corresponding clearance of 0.040 inch. The pe&onoance effect 
of clearance within these limits was reported as negligible i n  
reference 2. 

Calculations. - Pressure rat io,  bide-Jet speed ratio, and brake, 
rotor,  and blade efficiencies were eelculated according t o  the 
~rocedure described i n  reference 1. For convenience, brief defi- 
nitions of the three efficiencies w e  a8 follans: 

brake eff'iciency = 

rotor efficiency = brake power + mechanica:l losses 
isentropic power avdti lable 

blade efficiency = 
isentropic p m r  available 

The methods of evaluating windage s;ld mechanical power loeses neceer- 
sary i n  the determination of rotor and blade efficiencies, and the 
quantitative values of these loeaes at various speeds are reported 
i n  reference 3; the losses were corrected t o  the demity calculated 
from the observed pressure and temperature of the gases i n  the 
turbine casing . 

FtESUWS AlJB DISCUSSION 

The perPoxuance data of the single-stage modified turbine with 
0.45-inch rotor blades and nozzles J and K ase aummrized i n  tables I 
and 11. The blade, rotor, and brake efficiencies are presented i n  
figures 4, 5, and 6, respectively, f o r  the two nozzle-rotor collfigu- 
rations. I n  a l l  cases, the efficiencies increaeed oontinuously with 
blade-jet speed rat io.  Maximum possible efficiency was not obtained 
at any pressure ra t io  became of design-speed limitations. Increas- 
ing the pressme ra t io  caused a decrease in  the maximum obtainea 
efficiencies and the efficiency at any specific blade-jet s p e d  
ra t io .  
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Nozzle 3 showed higher efficiencies than nozzle K over the 
range of pressure r a t io s  and blade-jet speed ra t ios  investigated, 
A t  any pressure r a t io ,  the uni t  operated with nozzle 3 became 
pro$ressively more e f f i c i en t  than with nozzle K as the blade-get 
speed r a t i o  waa increased. A maximum difference in  brake 
efficiency of 0.051 occurred at a pressure r a t i o  of 8 ( f ig .  6(a) ) . 
The corresponding difference a t  the deaign pressure r a t i o  of 15 W ~ E I  

0.030 ( f ig .  6(b) ) .  When the brake efficiency waa corrected f o r  
mechanical and windage losses, t h a t  is, rotor  or  blade efficiency, 
t h i s  difference i n  maximum efficiency with the  two nozzles was 
decreased. 

The maximum blade efficiency of 0.545 occurred with nozzle J 
a t  a blade-jet speed r a t i o  of 0.295 and a pressure r a t i o  of 8 
(f ig .  4(a) ) . The corresponding maximum blade efficiency with nozzle K 
was 0.515, which is a decrease of 0.030. The m i m u m  difference 
i n  efficiency of 0.030 as effected by the two nozzles occurred a t  
t h i s  speed and pressure ra t io ,  the minimum difference being less  
than 0.01 a t  the  lower blade-jet speed r a t ios  f o r  the three pressure 
r a t i o s  investigated. 

I n  f igure  7,  the blade efficiencies with nozzles J and X are 
canpared with those obtained with nozzles A, E, H, and I ( re f -  
erence 3) .  Nozzles J and K with t h e  decreased passage area generally 
showed lower eff ic iencies  than the other nozzles, except E.  

SUMMARY OF HESULTS 

A single-stage turbine w i t h  ,0.45-inch ro tor  blades f ran a 
Mark 25 torpedo power plant was investigated with nozzle designs 
J and K with the f ollawing resu l t s  : 

1. The blade efficiency wi th .  nozzle J was higher than tha t  
with nozzle K over the range of pressure r a t io s  and speeds 
investigated. 

2. The difference in  blade efficiency with the two nozzles 
varied frm less  than 0.010 at the lower blade-jet speed r a t ios  f o r  
the three pressure ra t ios  t o  0.030 at a pressure r a t i o  of 8 and a 
blade- je t  speed r a t i o  of 0.295. 



3, %"he b l a e  efficfency M%%l nozzles J and K m f o W  t o  be 
~1aewPlat lower that wtth aaozslel~ A, E, 1 corn Pe t o  
that with nozzle E. 

H = M ~  Ja Schmy 
Aeranautical Resemch Scientist.  

Aleronautical Research Scientist . 
Appro- : 

Robert 0 .  Bullock, 
Aeranautfoaf Pissearch ScientislC. 
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TABLE I - EFFICIENCY DATA FOR S1NGL;E-STAGE TURBINE WITH NOZW;E J AND 0,45--1~CJ'f ROTOR BLADES Z 
D 
0 
b 

[ ~ d e t  temperature, 1000° F; inlet pressure, 95 lb/sq in. gage] 



T K AND 0.45-ma ROTOR f3LADE8 Z 
D 
0 
D 

[ ~ n l e t  temerature, 1000° F; inlet pressure, 95 ib/sp in. m e ]  z x 
(I, 
m 
0 
C, 
N 
0 
P, 

20 

722.2 
722-2 
722.2 

722,8 
723.4 

.0142 

.0142 
,0142 

0.0141 

7- \D 

.0141 59.76 
5 9 ~ 6  
59.76 
59.76 
59.77 
59,77 

55.82 
55.82 
55.82 

39-71 
8,072 
10,135 
12,118 
14,141 
16,184 
18,177 

723.4 .Olil 
723.4 .0141 

14,201 
16,184 
18,187 

6,069 

723.4 
723.4 
722.8 

13.45 
18.50 
20.81 
22.65 
24.16 
25.10 

.0141 

.a142 
-0141 

22.65 
23,752 
23.97 

12.18 
.I152 
.I447 
.1730 
,2019 
.2310 
,2595 

-2096 
.2389 
.2684 

0~0867 
.0155 
.Ol55 
.0157 
.0158 
.0154 
.0157 

.0207 

.0201 

.0200 

0.0153 
.259 
.310 
.348 
.379 
.404 
,420 

.406 
,426 
.429 

0.204 
.269 
.3?5 
.368 
.So4 
.435 
-455 

.272 

.328 

.37? 
,410 
,447 
.470 

,433 
.459 
,467 

0.209 

.441 
'472 
.488 

0,211 
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Figure 1. - Nozzle-box assembly showing out le t , face  of ceat nozzle J. Angle of intangency 
a, 9'. 

Figure 2. - Nozzle-box assembly showing outlet  face of reamed nozzle K. Angle of 
intangency a, 6'. 
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F i g u r e  3 .  - S k e t c h  o f  n o z z l e  a n d  r o t o r  a s s e m b l y  f o r  M a r k  25 t o r p e d o  

p o w e r  p l a n t .  
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B l a d e - j e t  Speed r a t i o  

( c )  P ressure  r a t i o ,  20. 

F i g u r e  4. - V a r i a t i o n  o f  b l a d e  e f t i e i e n c y  w i t h  b l a d e - j e t  speed 
r a t i o  f o r  s i n q l e - s t a g e  m o d i f i e d  Mark 25 to rpedo  t u r b i n e  w i t h  
n o z z l e s  J and K and 0.45- inch r o t o r  b l a d e s .  
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( a )  P ressure  r a t i o ,  8. 

.LV 

( b )  P ressure  r a t i o ,  15. 

B l a d e - j e t  speed r a t i o  

( c )  P ressure  r a t i o .  20. 

F i g u r e  5. - V a r i a t i o n  o f  r o t o r  e f f i c i e n c y  w i t h  b l a d e - j e t  speed 
r a t i o  f o r  s i n g l e - s t a g e  m o d i f i e d  Mark 25 t o r p e d o  t ~ ~ r b i n e  w i t h  
n o z z l e s  J and K and 0 .45- inch  r o t o r  b l a d e s .  
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( a )  Pressure  r a t i o ,  8. 

.50 

X 
0 
C, .40 .- 
0 .- 
C 
'C 
al 
al 
2 . 3 0  
L 
m 

- 2 0  
( b )  Pressure  r a t i o ,  15. 

B l a d e - j e t  speed r a t i o  

( c )  Pressure r a t l o ,  2 0 .  

F i g u r e  6 .  - V a r i a t i o n  o f  brake e f f i c i e n c y  w i t h  b l a d e - j e t  speed 
r a t i o  f o r  s ing le -s tage  modi f ied  Mark 25 toroedo t u r b i n e  w i t h  
nozz les  J and K and 0 .45 - inch  r o t o r  blades.  
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( a )  Pressure r a t i o .  8. 

( b )  Pressure r a t i o ,  15 

B l a d e - j e t  speed r a t i o  

( c )  Pressure r a t i o ,  20. Data f o t  nozz le  H were obta ined a t  
pressure r a t i o  o f  19. 

F igu re  7 .  - V a r i a t i o n  o f  blade e f f i c i e n c y  w i t h  b l a d e - j e t  speed 
r a t i o  f o r  s i n g l e - s t a g e  mod i f i ed  Mark 25 torpedo t u r b i n e  w i t h  
nozz les  J ,  K,  A ,  E. H, and I and 0 .45- inch r o t o r  b lades.  
(Data f o r  nozz les  A .  E, H, and I f rom re fe rence  3 . )  




